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A l l  l a r v a l  s t a g e s  of t h e  1976 y e a r  c l a s s ,  w i t h  t h e  e x c e p t i o n  of 
t h e  5 t h  z o e a l  s t a g e ,  were found i n  Gu1.f w a t e r s  J a n u a r y  th rough  
March. The f i r s t  p o s t - l a r v a l  s t a g e  was c o l l e c t e d  i n  San Pab lo  
Bay i n  May. F i f t y  p e r c e n t  of 1976 y e a r  c l a s s  c r a b s  e n t e r e d  t h e  
Bay complex as compared t o  n e a r l y  80% i n  1975. The 1976 y e a r  
c l a s s  a p p e a r s  r e l a t i v e l y  weak. No e l - e c t r o p h o r e t i c  polymorphism 
was found i n  Cancer magister t o  b e  of v a l u e  i n  Dungeness c r a b  
p o p u l a t i o n  d e t e r m i n a t i o n s .  
M u l t i - v a r i a t e  c o r r e l a t i o n s  comparing crab l a n d i n g s  w i t h  a n  a r r a y  
of oceanograph ic  p a r a m e t e r s  and t h e  c r a b  d e n s i t y  dependent  f a c t o r  
were  computer-run f o r  b o t h  n o r t h e r n  and c e n t r a l  C a l i f o r n i a .  The 
most s i g n i f i c a n t  c o r r e l a t i n g  f a c t o r s  a t  t h e  t ime l a te  s t a g e  
l a r v a e  p r e v a i l  were s e a  l e v e l  and a tmospher ic  p r e s s u r e  f o r  
c e n t r a l  C a l i f o r n i a  and ,  f o r  n o r t h e r n  C a l i f o r n i a ,  t h e  d e n s i t y  
dependent  f a c t o r  and s e a  s u r f a c e  t e m p e r a t u r e .  Female c r a b s  h e l d  
a t  c o n t r o l l e d  t e m p e r a t u r e s  i n d i c a t e d  gonad m a t u r a t i o n  and spawn- 
i n g  may b e  induced by i n c r e a s e d  t empera tu re .  Analyses  of c r a b  
t i s s u e s  r e v e a l e d  burdens  o f  p e t r o l e u n ~  hydrocarbons ,  s i l v e r ,  
se len ium,  cadmium, and PCE's h i g h e r  i n  c e n t r a l  C a l i f o r r ~ i a  c r a b s ,  
w h i l e  DDE was found i n  h i g h e r  amounts i n  n o r t h e r n  C a l i f o r n i a  c r a b  
t i s s u e .  
Thru-flow c u l t u r e  sys tems  were  developed which shou ld  y i e l d  abou t  
1 6 3  megalopae of Dungeness c r a b s  i n  63 days  from 1 ,200  l a b o r a t o r y  
ha tched  zoeae  . 
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FOREWORD 
The S t a t e  L e g i s l a t u r e  i n  1974 by S e n a t e  B i l l  1601  d i r e c t e d  t h e  Depar t -  
ment o f  F i s h  and Game t o  conduct  an  i n v e s t i g a t i o n  i n t o  t h e  c a u s e s  of t h e  
long-term d e c l i n e  i n  t h e  h a r v e s t  o f  t h e  c e n t r a l  C a l i f o r n i a  Dungeness c r a b  
f i s h e r y .  ' 
T h i s  r e p o r t  i s  t h e  t h i r d  i n  t h e  s e r i e s  o f  Marine Resources  Adminis t ra-  
t i v e  R e p o r t s  which p r e s e n t s  t h e  Depar tment ' s  Dungeness Crab Research Program 
and p r o g r e s s  o f  i t s  i n v e s t i g a t i o n s .  Marine Resources  A d m i n i s t r a t i v e  Report  
75-8 was t h e  r e s e a r c h  p r o p o s a l  f o r  t h e  program. It p r e s e n t e d  t h e  c e n t r a l  
C a l i f o r n i a  c r a b  problem, o b j e c t i v e s  o f  t h e  new program, r e s e a r c h  d e s i g n ,  
work p l a n s  f o r  t h e  4-year s t u d y ,  and a n  o u t l i n e  o f  p r e l i m i n a r y  r e s e a r c h  
a c t i v i t i e s .  
The program p r o g r e s s  r e p o r t  o f  1975 was Marine Resources  A d m i n i s t r a t i v e  
Report  75-12. Tha t  r e p o r t  reviewed t h e  o r g a n i z a t i o n  of t h e  program's  
Research Team of  O p e r a t i o n s  Research Branch, t h e  o b j e c t i v e s  o f  t h e  program 
and i t s  p r o j e c t s ,  and t h e  methods and r e s u l t s  of r e s e a r c h  of t h e  program and 
c o o p e r a t i v e  a c t i v i t i e s  of o t h e r  o r g a n i z a t i o n s .  T h i s  y e a r ' s  program p r o g r e s s  
r e p o r t  i s  s i m i l a r  i n  fo rmat  t o  t h e  1975 r e p o r t .  It does  n o t  r e s t a t e  t h e  
m a t e r i a l s ,  methods,  and r e s u l t s  of p r e v i o u s  a c t i v i t i e s  b u t  d o e s  d i s c u s s  
changes  i n  o p e r a t i o n s  which have been developed and r e s u l t s  o f  o u r  work i n  
1976. Two more p r o g r e s s  r e p o r t s  w i l l  be  made, one f o r  e a c h  of t h e  y e a r s  
1977 and 1978. The f i n a l  r e p o r t  t o  t h e  Governor and t h e  L e g i s l a t u r e  i n  
September 1979 w i l l  i n c l u d e  t h e  f i n d i n g s  of t h e  4-year program t o g e t h e r  w i t h  
recomnendat ions  f o r  a c t i o n s  n e c e s s a r y  t o  p r o t e c t  t h e  r e s o u r c e  and i n c r e a s e  
t h e  abundance o f  c r a b s  i n  S t a t e  w a t e r s .  
H. G. O r c u t t  
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INTRODUCTION 
The Problem 
The c e n t r a l  C a l i f o r n i a  Dungeness c r a b ,  Cancer magister, r e s o u r c e  had 
a n o t h e r  s e a s o n  (1975-76) of v e r y  low h a r v e s t a b l e  y i e l d ,  w h i l e  t h a t  o f f  
n o r t h e r n  C a l i f o r n i a  y i e l d e d  t h e  h i g h e s t  s e a s o n a l  h a r v e s t  i n  t h e  h i s t o r y  of 
t h e  f i s h e r y  (F igure  1, Table  1 ) .  
Landings  o f  16,750,000 l b  (7,614MT)of c r a b s  by 260 v e s s e l s  o f f  n o r t h -  
e r n  C a l i f o r n i a  d u r i n g  t h e  1975-76 s e a s o n  s o  overshadowed t h e  h a r v e s t  of 
300,000 l b  (136MT)by 65 b o a t s  o f f  c e n t r a l  C a l i f o r n i a  t h a t  t h e  d r a s t i c  con- 
d i t i o n  of t h e  problem a r e a ,  San Francisco-Bodega,  i s  most g r a p h i c a l l y  
e v i d e n t .  
The O b j e c t i v e  
The o b j e c t i v e  of t h e  Dungeness Crab Research Program i s  t o  d e t e r m i n e  
f a c t o r s  c a u s i n g  t h e  d e c l i n e  and con t inued  low l e v e l s  o f  C a l i f o r n i a ' s  
Dungeness c r a b  r e s o u r c e  and t o  make management recommendations t o  p r o t e c t  
and i n c r e a s e  t h e  r e s o u r c e .  
Background 
The Dungeness c r a b  f i s h e r i e s  i n  C a l i f o r n i a  a r e  c o n c e n t r a t e d  o f f  t h e  
c e n t r a l  (San Francisco-Bodega) and n o r t h e r n  (Crescen t  City-Eureka-Fort  
Bragg) p a r t s  of t h e  s t a t e .  There  i s  less f i s h i n g  e f f o r t  f o r  c r a b s  a t  
Monterey and Morro Bay. 
Catches  of Dungeness c rabs  o f f  C a l i f o r n i a  a r e  l anded  i n  f o u r  p r i n c i -  
p a l  a r e a s  o f  t h e  n o r t h e r n  and c e n t r a l  p o r t i o n s  of t h e  s t a t e .  Landings  a t  

TABLE 1. Dungeness Crab Landings  by Season (Pounds) 
Eureka,  Bodega Bay and 
Crescen t  C i t y ,  San F r a n c i s c o  Plonterey Bay 
Season , and F t .  Bragg Area Area 
k v i l a  and 
Morro Bay T o t a l  
- 4 -  
TABLE 1. (cont inued)  
Eureka, 
Crescent C i ty ,  
Season and F t .  B r a g g  
Bodega Bay and 
San Franc isco  Monterey Eay Avila and 
Area Area Morro Bay T o t a l  
t h e  n o r t h e r n  p o r t s  of Crescen t  C i t y ,  Eureka and F o r t  Bragg (Tab le  1 )  
r e p r e s e n t  t h e  b u l k  o f  t h e  c a t c h  and f o l l o w  t h e  c y c l i c  p a t t e r n  o f  c r a b  
abundance which o c c u r s  i n  t h e  h a r v e s t e d  c r a b  p o p u l a t i o n  ( F i g u r e  1 ) .  T h i s  
p a t t e r n  o f  f l u c t u a t i o n  i s  similar f o r  Dungeriess c r a b  f i s h e r i e s  o f f  Oregon 
and Washington. Landings  of c r a b s  i n  n o r t h e r n  C a l i f o r n i a ,  which had a 
mean a n n u a l  y i e l d  of 9 .2  m i l l i o n  l b  (4 ,182MT)per  s e a s o n  from 1955-56 
through 1969-70, plummeted from an  a l l - t i m e  h i g h  of o v e r  1 4  m i l l i o n  l b  
(6,364MT) i n  1969-70, t o  7.8 m i l l i o n  l b  (3,545 WT) i n  1970-71, 2.5 m i l l i o n  
l b  ( 1 , 1 3 6 ~ ~ )  i n .  1971-72, 1 .2  m i l l i o n  l b  (545YT) i n  1972-73 and t o  a r e c -  
o r d  low of 360,000 l b  (164XT) i n  1973-74. During t h e  1974-75 season  1 .5  
m i l l i o n  l b  (681 MT) were l anded  i n d i c a t i n g  a  r e t u r n  t o  a n o t h e r  upswing of 
t h e  c y c l i c  p a t t e r n  which went t o  n e a r l y  1 7  m i l l i o n  l b  (7,727MT) i n  1975-76. 
Research c r u i s e s  have r e v e a l e d  a  r e l - a t i v e l y  s t r o n g  r e s e r v e  of r e c r u i t s  i n  
t h e  p o p u l a t i o n  which shou ld  s u p p o r t  c o n t i n u a t i o n  of good l a n d i n g s  i n  t h e  
1976-77 season .  T h i s  i n d i c a t e s  a c r i t i c a l  d i f f e r e n c e  i n  c r a b  s u r v i v a l  
between t h e  r e l a t i v e l y  h e a l t h y  c y c l i n g  p o p u l a t i o n  o f  n o r t h e r n  C a l i f o r n i a  
and t h e  low y i e l d i n g  r e s o u r c e  of t h e  San F r a n c i s c o  r e g i o n .  
The c e n t r a l  C a l i f o r n i a  Dungeness c r a b  r e s o u r c e  h a s  y i e l d e d  h a r v e s t -  
a b l e  c r a b s  a t  d r a s t i c a l l y  low l e v e l s  f o r  16 s e a s o n s  i n  comparison t o  t h e  
long-term a v e r a g e  o f  p r e v i o u s  s e a s o n s  ( F i g u r e  1). T h i s ,  a s  y e t ,  unex- 
p l a i n e d  d e c l i n e  i s  of s e r i o u s  concern  because  i t  i n d i c a t e s  a c o n t i n u i n g  
s i t u a t i o n  r a t h e r  t h a n  a f l u c t u a t i o n .  The long-term mean a n n u a l  y i e l d  f o r  
San F r a n c i s c o  c r a b  season  l a n d i n g s  had been 4.8 m i l l i o n  l b  (2,182MT) from 
1945 t o  1960. The a r e a ' s  c r a b  l a n d i n g s  reached  an  a l l - t i m e  peak o f  8.9 
m i l l i o n  l b  (4 ,045MT)during t h e  1956-57 season  and t h e n  d e c l i n e d  a t  t h e  
r a t e  of approx imate ly  2 m i l l i o n  l b  ( 9 0 9 M ~ ) e a c h  s e a s o n  u n t i l  t h e  1961-62 
season when only  710,112 l b  (323 FIT) were landed.  Low landings  have 
occurred each season s i n c e  then.  A s l i g h t  i n c r e a s e  was seen  dur ing  t h e  
1962-63 and 1963-64 seasons  when 1 . 3  and 1 .2  m i l l i o n  l b  (590 and 545 FIT) 
were landed ,  r e s p e c t i v e l y ,  and aga in  i n  1969-70 wi th  a h igh  of 1.5 m i l l i o n  
l b  (682 MT). These v a r i a t i o n s  a r e  t h e  only  i n d i c a t i o n s  of a tendency t o  
fo l low a c y c l i c  upswing such a s  t h a t  occu r r ing  t o  t he  no r th .  The 1972-73 
season ' s  t ake  was 291,551 l b  (133 MT). The 1973-74 season h a r v e s t  was 
only 402,700 l b  (183 MT) and t h e  t o t a l s  of '230,976 l b  (105 PIT) f o r  1974-75, 
and 300,000 l b  (136 IfT) f o r  1975-76 a r e  t he  poores t  i n  t h e  h i s t o r y  of t he  
f i s h e r y .  The e a r l y  1976-77 season landings  i n d i c a t e  t he  y i e l d  w i l l  be 
s u b s t a n t i a l l y  more, p o s s i b l y  double t h a t  of r e c e n t  seasons.  However, 
r e sea rch  c r u i s e  d a t a  do n o t  i n d i c a t e  young c r a b s  i n  t h e  a r e a  i n  s u f f i c i e n t  
abundance t o  g ive  hope f o r  a cont inued upswing f o r  t h e  f u t u r e .  
South of t h e  problem a r e a ,  combined l and ings  of Monterey and Morro 
Bay have never  dxceeded 500,000 l b  (227 MT). The long-term average 
(1950-51 t o  1974-75) i s  117,595 l b  (53 MT). This  f i s h e r y  is a t  t h e  southern  
l i m i t  of commercial abundance of t h e  c r abs  where low abundance and wide 
f l u c t u a t i o n s  a r e  t o  be expected.  During t h e  seasons 1970-71 through 
1975-76, l and ings  ranged from 5,215 t o  125,812 l b  (2  t o  57 MT) . 
Program Development 
The Dungeness Crab Research Program proposal f o r  t h e  4-year s tudy  
included s i x  t e c h n i c a l  p o s i t i o n s .  However, f i s c a l  c o n s t r a i n t s  allowed 
only  f i v e  p o s i t i o n s  t o  be e s t a b l i s h e d .  The funds generated by t h e  t a x  
on c rab  l and ings  were extremely low when t h e  program began; t h e r e f o r e ,  
F ish  and Game Prese rva t ion  funds were used. The crab  t a x  funds have 
been used t o  purchase some equipment and t o  support  r e sea rch  a t  t he  
Marine Cul ture  Laboratory on c u l t u r i n g  techniques necessary  t o  provide 
t e s t  animals f o r  planned b ioassays .  The income from t h e  t a x  on c r a b s  
landed i n  t h e  1975-76 season increased  s i g n i f i c a n t l y  and p l ans  a r e  now 
being d r a m  up t o  use  those  funds t o  support  most of t h e  c r ab  r e sea rch  
program t o  i t s  conclus ion  i n  September 1.979. 
The program r e l i e s  heav i ly  on t h e  Biometrics Unit a t  Flenlo Park f o r  
a s s i s t a n c e  wi th  d a t a  a n a l y s i s .  The t a s k s  performed by t h e  Unit  were 
fewer than  expected due t o  a  6-month vacancy i n  t h e  s t a t i s t i c i a n  posi-  
t i o n  of t h a t  u n i t .  The r educ t ion  i n  s t a t i s t i c a l  t rea tment  of environ- 
mental f a c t o r s  i n  r e l a t i o n  t o  b i o l o g i c a l  phenomena and fewer computer 
program runs  have delayed r e f i n i n g  f u t u r e  sampling p l ans  and d e t a i l e d  
de termina t ion  of t h e  parameters  t o  be  t e s t e d  i n  l a b o r a t o r y  t o l e r a n c e  and 
b ioassay  experiments .  
The program has  been ad jus t ed  t o  r e f l e c t  t he  sma l l e r  t e c h n i c a l  
s t a f f  and t h e  reduced a s s i s t a n c e  from t h e  Biornetrics Unit .  Some l o s s  
of q u a l i t a t i v e  and q u a n t i t a t i v e  d e t a i l  i n  t he  f i e l d  sampling program 
and l abo ra to ry  examinat ions and t e s t s  have occurred and w i l l  cont inue  
t o  occur .  However, t h e  program i s  expected t o  meet i t s  o b j e c t i v e s  on 
time . 
Meetings and Cooperative Research A c t i v i t i e s  
During 1976 t h e  Dungeness Crab Research Progranl prepared a d r a f t  of 
t h e  Dungeness Crab Species  Management Plan f o r  Extended J u r i s d i c t i o n .  The 
management p lan  inc ludes  informat ion  on s t a t u s  of t he  resource ,  a descr ip-  
t i o n  of t he  f i s h e r y ,  and recommendations f o r  management. Severa l  Marine 
Resources Region u n i t s  cooperated i n  t h e  summary of a v a i l a b l e  information.  
A d r a f t  of t h e  p lan  was submit ted t o  t h e  Department 's Marine F i she ry  
Advisory Committee on October 20, 1976. This  was a c o n t r i b u t i o n  t o  t h e  
e f f o r t  of t h e  Department i n  i t s  p a r t i c i p a t i o n  i n  p repa r ing  s p e c i e s  manage- 
ment p l a n s  t o  be submit ted t o  t h e  P a c i f i c  Management Council  i n  e a r l y  
1977. 
An eva lua t fon  of t h e  Dungeness Crab Program was made du r ing  January.  
The 1975 r e p o r t  was reviewed by North Ocean Management Un i t s  of t h e  Marine 
Resources Region and Operat ions Research Branch s t a f f  r e sea rche r s .  Valu- 
a b l e  sugges t ions  were made f o r  r e p o r t i n g  f i n d i n g s  of t h e  program, and 
r e sea rch  techniqhes rece ived  c o n s t r u c t i v e  c r i t i c i s m .  No major changes i n  
t h e  course  of t h e  program were necessary  a s  a r e s u l t  of t h e  eva lua t ion .  
However, i t  was decided t h a t  because of t h e  l i m i t a t i o n s  on amounts of 
temporary he lp ,  assessment of e f f e c t s  of c r ab  s p o r t  f i s h i n g  i n  San 
Francisco Bay would n o t  be cont inued.  Another change was t o  i nc lude  a 
c r ab  d e n s i t y  dependence f a c t o r  i n  computer runs  i n  t h e  ana lyses  of fac-  
t o r s  a f f e c t i n g  c r a b  landings .  
During t h e  y e a r  program s t a f f  members m e t  w i t h  v a r i o u s  g roups  t o  
d i s c u s s  t h e  r e s e a r c h  program and p r o g r e s s  of t h e  v a r i o u s  p r o j e c t  a c t i v i -  
t ies.  The p r i n c i p a l  mee t ings  were:  
San F r a n c i s c o  Bay and E s t u a r i n e  S o c i e t y ,  San F r a n c i s c o .  
A s s o c i a t e d  Bay Area Governments, Berkeley.  
C i t y  of San F r a n c i s c o  S u p e r v i s o r  Dianne F e i n s t e i n  
and t h e  Fisherman's IJharf Merchants A s s o c i a t i o n ,  San F r a n c i s c o .  
P a c i f i c  Marine F i s h e r i e s  Commission, S e a t t l e .  
San Franc i , sco  Ray and E s t u a r y  Advisory Committee. 
Symposium of  Crab Researchers  and Sea Gran t ,  Monterey. 
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CRAB CRITICAL STAGE PROJECT STUDIES 
Four of our  p r o j e c t ' s  o r i g i n a l  f i v e  o b j e c t i v e s  from 1975 were c a r r i e d  
over  i n t o  1976. Re de fe r r ed  examination of s p o r t f i s h i n g  e f f e c t s  on juven- 
i l e  c rab  popula t ion  numbers u n t i l  more manpower becomes a v a i l a b l e .  The 
remaining o b j e c t i v e s  were: 
1 )  Determination of t h e  d i s t r i b u t i o n  and r e l a t i v e  abundance of 
Dungeness crab zoeae, megalopae, and e a r l y  p o s t - l a r v a l  i n s t a r s .  
2)  Determination of p r e d a t o r s  and t h e i r  e f f e c t s  on c rab  popula t ion .  
3) Determination of t h e  r a c i a l  composition of P a c i f i c  coas t  c r ab  
s t o c k s  wi th  emphasis on t h e  r e l a t i o n s h i p  between no r the rn  and 
southern  C a l i f o r n i a .  
4)  Determinat ion of growth r a t e s  of j u v e n i l e  c r a b s  i n  bay waters .  
D i s t r i b u t i o n  and R e l a t i v e  Abundance 
Procedures 
I n v e s t i g a t i o n  of t h e  1976 year  c l a s s  a c t u a l l y  began i n  mid-December 
1975, concurrent  wi th  cont inued i n v e s t i g a t i o n s  i n t o  the  1975 year  c l a s s .  
We began wi th  a biweekly t r a n s e c t  o f f  t h e  p a t r o l  boa t  TUNA from P t .  Bonita 
out  t o  and a few mi l e s  beyond t h e  Fa ra l lon  I s l a n d s  (Figure 2 ) .  Oblique 
tows were made w i t h  a 0.5-m (1.7-f t )  p lankton  n e t  every 5 n a u t i c a l  mi l e s  
a long  t h e  t r a n s e c t  t o  sample t h e  e a r l y  zoea l  s t a g e s  of C. magister. 
Simi l a r  tows were made o f f  one of our  s k i f f s  i n  n o r t h  San Franc isco  Bay. 
F i f t y - t h r e e  tows were made between mid-December 1975 and e a r l y  March 1976. 
Our f i r s t  major c r u i s e  of 1976 occurred March 18-31 aboard t h e  
N.B. SCOFIELD. Forty-two s t a t i o n s  were occupied,  35 of them were loca t ed  
i n  t h e  Gulf of t h e  F a r a l l o n e s  between P t .  Reyes and P t .  San Pedro. Gulf 

s t a t i o n s  were loca t ed  5 m i l e s  a p a r t  a long t r a n s e c t s  perpendicular  t o  t h e  
c o a s t l i n e  and spaced 5 mi l e s  a p a r t .  Bay s t a t i o n s  were loca t ed  n e c e s s a r i l y  
w i t h i n  t h e  sh ipping  l a n e s  where plankton towing could be conducted by a  
30-m (100-f t )  v e s s e l .  Because we expected l a t e  zoea l  s t a g e s  of C. magister 
t o  be  a v a i l a b l e  a t  t h i s  t ime,  we concent ra ted  on plankton tows. One hundred 
n ine ty - th ree  plankton tows and s i x  bottom-trawls were made. Gulf s t a t i o n s  
cons i s t ed  of tows made a t  t h e  s u r f a c e ,  5  m (17 f t ) ,  15 m (50 f t ) ,  25 m 
(83 f t )  ( i f  p o s s i b l e )  and an obl ique  tow from bottom t o  s u r f a c e .  A 0.5-m 
(1 .7- f t )  opening-closing n e t  w i th  0.505-mm (0.02-inch) mesh w a s  used. A 
s i m i l a r  s i z e d  n e t  was used f o r  bay s t a t i o n s  where only obl ique  tows were 
made. 
I n  A p r i l  we i n i t i a t e d  t h e  f i r s t  of fou r  KELP BASS cru i . ses .  It (76-KB-7) 
ran  from A p r i l  24  t o  May 4 .  I\Te cont inued t o  a n t i c i p a t e  t h e  presence of zoeal 
C. magister i n  t h e  water column and expected t h e  appearance of megalopae. 
Thus, we s t r e s s e d  aga in  p lankton  towing; a l though,  we d id  prepare  f o r  t h e  
f i r s t  occurrence of b e n t h i c  forms by decreas ing  t h e  number of gu l f  s t a t i o n s  
from 35 t o  21 and inc reas ing  our bay s t a t i o n  count from 7 t o  16.  T o t a l  num- 
be r  of plankton tows decreased t o  111 and t h e  number of bottom t r awls  r o s e  
t o  34. Hor izonta l  tows were cont inued a t  gu l f  s t a t i o n s .  
The second KELP BASS c r u i s e  (76-KB-8) began May 23 and ended June 6 .  
By t h i s  t i m e  we expected few l a r v a l  forms t o  be  p re sen t  and thus  reduced 
plankton towing cons iderably .  Twenty-one gulf  s t a t i o n s  now cons i s t ed  of a  
s u r f a c e  and obl ique  plankton tow and bottom t r awl .  Nineteen bay s t a t i o n s  
cons i s t ed  of a  bottom t r a w l  and a  p lankton  tow made wi th  a customized s l e d  
designed t o  keep t h e  n e t  15  mrn (6 inches)  above t h e  s u b s t r a t e .  F i f ty -e igh t  
p lankton  samples were c o l l e c t e d  and 44 bottom t r a w l s  were made. 
On c r u i s e  76-RB-9 (June 20 t o  J u l y  3) we conducted o n l y  bot tom t r a w l s ;  
t h e  assumption w a s  t h a t  t h e  v a s t  m a j o r i t y  of 1976 y e a r  c l a s s  c r a b s  were 
b e n t h i c  a t  t h i s  t i m e .  S i x t y - f i v e  bottom t r a w l s  were conducted a t  11 g u l f  
s t a t i o n s  and 29 bay s t a t i o n s .  
I n  September we i n i t i a t e d  c r u i s e  76-KB-16 (Sep t  25 t o  Oct 8) .  A 
similar c r u i s e  was conducted i n  September 1975 (75-KB-9). We s t a n d a r d i z e d  
o u r  e f f o r t  (bottom trawls and r i n g  n e t  s e t s )  a t  e a c h  s t a t i o n ,  g u l f  and bay,  
t o  d e t e r m i n e  c a t c h  p e r  u n i t  e f f o r t  and t h u s  e s t i m a t e  t h e  v a l u e  o f  t h e  
San F r a n c i s c o  Bay-San P a b l o  Bay. complex a s  a n u r s e r y .  
Tha t  p o r t i o n  of t h e  1976 y e a r  c l a s s  t h a t  r e s i d e s  i n  t h e  San F r a n c i s c o  
Bay-San Pab lo  Bay coinplex was moni to red  a g a i n  i n  November and December by 
t r a w l  and r i n g  n e t  from t h e  STRIPER 11. 
R e s u l t s  
Four hundred f i f t e e n  p l a n k t o n  samples  were  c o l l e c t e d .  A s  o f  December 1, 
1976,  390 samples  were  ana lyzed .  Zooplank te r s  i n  t h e s e  samples  ( a f t e r  
removal o f  t h e  b r a c h y u r a n s )  were  i d e n t i f i e d  t o  t h e  l o w e s t  t axon  p o s s i b l e .  
R e l a t i v e  abundance by volume and c o u n t s  p e r  c u b i c  meter were  made. Of t h e  
415 b rachyuran  samples ,  212 remain t o  b e  ana lyzed .  'Brachyurans  a r e  keyed t o  
s p e c i e s  and z o e a l  s t a g e s  a r e  i d e n t i f i e d .  R e l a t i v e  abundance by volume and 
c o u n t s  p e r  c u b i c  m e t e r  a l s o  a r e  made. 
Subsequen t ly ,  i d e n t i f i c a t i o n ,  r e l a t i v e  abundance,  l o c a t i o n ,  d e p t h ,  
d a t e ,  and t i m e  o f  c a p t u r e  f o r  a l l  z o o p l a n k t e r s  were  r e c o r d e d  and forwarded 
t o  Long Beach f o r  keypunching and s t o r a g e  i n  Department d a t a  banks .  The 
copepods Acartia Zongeremus, Tortanus discaudatus, and Metridia Zucens domi- 
n a t e d  bcean samples  a l r e a d y  ana lyzed .  Brachyuran l a r v a e  and c a r i d e a n  l a r v a e  
were t h e  next  most abundant t axa .  Bay samples had l a r g e  numbers of t h e  
copepods Acartia cZausi and Qilap idocera  Zongipedata followed by ba rnac l e  
n a u p l i i ,  brachyuran l a r v a e  and ca r idean  l a r v a e .  1Je cannot r e p o r t  on t h e  
d i s t r i b u t i o n  and r e l a t i v e  abundance of t he  1976 year  c l a s s  Dungeness c r ab  
l a r v a e  because l a b o r a t o r y  a n a l y s i s  and d a t a  s t o r a g e  a r e  incomplete a t  t h i s  
t ime.  We can r e p o r t ,  however, t h a t  we found C. magister zoea l  s t a g e s  I 
through I V  and megalopae i n  our  sampl-es from January through March. The 
frequency of occurrence of t h e s e  s t a g e s  was markedly h igher  i n  samples 
from our  pre l iminary  survey aboard t h e  TUNA. 
Data from bottom t r a w l s  f o r  e a r l y  p o s t - l a r v a l  c r abs  i s  n o t  completely 
a v a i l a b l e  y e t .  About 25% of t h i s  in format ion  awa i t s  keypunching. We can 
say ,  however, t h a t  t h e  f i r s t  appearance of ben th i c  1976 year  c l a s s  c r a b s  
was on May 27. A s i n g l e  c r a b ,  21-mm (0.8-inch) carapace wid th ,  was co l -  
l e c t e d  i n  San Pab1.o Bay. Only e i g h t  1976 year  c l a s s  c r abs  were c o l l e c t e d  
Fay 23 t o  June 6 dur ing  37 bottom t r awls .  Seventy-four bottom t r a w l s  
n e t t e d  approximately 150 c rabs  of t h e  yea r  du r ing  June 20 t o  J u l y  5. 
. Catch-per-uni t -effor t  d a t a  w e r e  c o l l e c t e d  September 25 through 
October 8. T o t a l  1976 y e a r  c l a s s  c r a b s  caught was 239 compared t o  606 
caught w i th  an equal  amount of e f f o r t  i n  our  1975 survey. The d a t a  show 
t h a t  s l i g h t l y  over 50% of 1976 year  c l a s s  c r a b s  en tered  the  San Franc isco  
Bay-San Pablo Bay complex t o  u se  i t  a s  a nu r se ry  ground. This  is  compared 
t o  n e a r l y  80% i n  1975. 
Discussion 
L i t t l e  can be s a i d  concerning t h e  d i s t r i b u t i o n  and r e l a t i v e  abundance 
of 1976 year  c l a s s  Dungeness c r ab  l a r v a e  o r  j u v e n i l e s  u n t i l  a l l  l a b o r a t o r y  
a n a l y s i s  i s  complete and a l l  d a t a  a r e  s t o r e d  i n  a r e t r i e v a b l e  form. 
We f e e l  t h a t  t h e  s u c c e s s  of o u r  January  and February  s u r v e y s  i n  c o l -  
l e c t i n g  e a r l y  z o e a l  s t a g e s  w a r r a n t s  a  major f i e l d  e f f o r t  d u r i n g  t h o s e  same 
months i n  1977. We have schedu led  a r e s e a r c h  c r u i s e  on t h e  R.V.  AT,ASKA 
f o r  l a t e  J a n u a r y  i n t o  e a r l y  February .  I\Te a l s o  have added more s o p h i s t i -  
c a t e d  p l a n k t o n  c o l l e c t i n g  g e a r .  Two 12-inch C l a r k e  Rumpus Samplers w i t h  
a t t a c h e d  f l o ~ ~ m e t e r s  w i l l  b e  s u b s t i t u t e d  f o r  o u r  p r e s e n t  oper l ing-clos ing 
n e t s .  C l a r k e  Bumpus Samplers have open ing-c los ing  c a p a b i l i t i e s  s o  v e r t i c a l  
d i s t r i b u t i o n  w i l l  c o n t i n u e  t o  b e  moni tored.  The a d d i t i o n  of f l o r ~ m e t e r s  
w i l l  e n a b l e  u s  t o  r e f i n e  our  e s t i m a t e s  of numbers p e r  c u b i c  mete r .  
We b e l i e v e  t h e  low numbers of 1976 y e a r  c l a s s  j u v e n i l e  c r a b s  c o l l e c t e d  
t h i s  y e a r  r e f l e c t  a weak y e a r  c l a s s .  We p l a n  no major changes  f o r  1977 i n  
sampl ing a c t i v i t y  o r  g e a r .  
The s t a t i s t i c a l  r e l i a b i l i t y  o f  c a t c h - p e r - u n i t - e f f o r t  d a t a  from 
September 25 t o  October  8 i s  s u s p e c t  because  o f  t h e  low number of c r a b s  
caught .  The 50% f i g u r e  quoted e a r l i e r  f o r  1976 c r a b s  e n t e r i n g  t h e  bay 
complex may n o t  r e f l e c t  t h e  c o n d i t i o n  o f  t h e  Dungeness c r a b  p o p u l a t i o n  
a c c u r a t e l y .  We i n t e n d  t o  conduct  t h i s  s u r v e y  a g a i n  i n  1977. 
P r e d a t i o n  
Only 7 1  of a n  e s t i m a t e d  500 f i s h  stomachs t a k e n  i n  bot tom t r a w l s  and 
by hook and l i n e  have been ana lyzed  t o  d a t e .  I d e n t i f i c a t i o n  of stomach 
c o n t e n t s  from remain ing  samples  w i l l  c o n t i n u e .  We s u f f e r e d  a d e l a y  because  
t h e  A s s i s t a n t  Marine B i o l o g i s t  i n  t h e  Crab C r i t i c a l  S t a g e  P r o j e c t  t rar is -  
f e r r e d  t o  a n o t h e r  p o s i t i o n  i n  l a t e  1976 and t h e  p o s i t i o n  i s  t o  b e  r e f i l l e d  
i n  J a n u a r y  1977. No C. magister were found i n  t h e  f i r s t  7 1  samples  c o l -  
l e c t e d  i n  March from t h e  N . R .  SCOFIELD. Two dozen salmon, Onchorynchus s p . ,  
stomachs c o l l e c t e d  from s p o r t f i s h i n g  b o a t s  by Anadromous F i s h e r i e s  Branch 
p e r s o n n e l  were examined and no C. m a g i s t e r  found.  
R a c i a l  ~ o r n ~ o s P t i o n  
I n  our  1975 annual. r e p o r t  we r e p o r t e d  on t h e  r e s u l - t s  o f  o u r  agreement  
(S-1.364) w i t h  r e s e a r c h e r s  from t h e  U n i v e r s i t y  of Ca1j.forni.a a t  San Diego. 
It was concluded t h a t  i )  t h e r e  was v e r y  l i t t l e  g e n e t i c  v a r i a t i o n  i n  
C. m a g i s t e r ;  i i )  o n l y  one o u t  of 2 1  g e n e t i c  1.oci w a s  s i g n i f i c a n t l y  po ly-  
morphic;  i i i )  t h i s  e s t e r a s e  l o c u s  e x h i b i t e d  v i r t u a l l y  no geograph ic  v a r i a -  
t i o n  from Alaska t o  c e n t r a l  C a l i f o r n i a ;  and i v )  t h e r e f o r e ,  t h i s  s p e c i e s  was 
p robab ly  g e n e t i c a l l - y  u n d i f f e r e n t i a t e d  th roughout  i t s  range .  
We dec ided  t o  e x t e n d  t h e  s t u d y  i n t o  1976 (5-1362) by examining l a r g e  
q u a n t i t i e s  of c r a b s  from San Pab lo  Bay and Ilu~nboldt  Bay. The purpose  o f  
t h e  g r e a t e r  numbers of c r a b s  (approx.  800 p e r  sample)  was t o  e s t a b l i s h  
w i t h  g r e a t e r  c o n f i d e n c e  ( w i t h i n  5% of  t h e i r  p a r a m e t r i c  v a l u e s )  whether  t h e  
two p o p u l a t i o n s  were g e n e t i c a l l y  similar a s  p r e v i o u s l y  s u g g e s t e d .  
During t h e  c o u r s e  o f  t h e  r e s e a r c h ,  however, i t  was e s t a b l i s h e d  t h a t  
t h e  e s t e r a s e  polymorphism d e s c r i b e d  i n  t h e  o r i g i n a l  s t u d y  was a n  a r t i f a c t  
o f  t h e  v a r i a b l e  e x p r e s s i o n  of two l o c i ,  and t h a t  t h e  d i f f e r e n t  phenotypes  
were t h e  r e s u l t  of d i f f e r e n t  s t a g e s  i n  t h e  c r a b s  mol t  c y c l e .  It was 
f i n a l l y  concluded t h a t  t h e r e  i s  v i r t u a l l y  no e l e c t r o p h o r e t i c  polymorphism 
i n  C. m a g i s t e r  and t h a t  e l e c t r o p h o r e s i s  i s  of no  u s e  i n  i l l u m i n a t i n g  
C. m a g i s t e r ' s  p o p u l a t i o n  s t r u c t u r e .  
Growth 
Dungeness c r a b  c o l l e c t i o n s  i n  San F r a n c i s c o  Bay and San Pab lo  Bay have 
been conducted r e g u l a r l y  s i n c e  1970. Carapace w i d t h  d a t a  from t h e s e  c o l l e c -  
t i o n s  have been i n c o r p o r a t e d  i n t o  a n  age  and growth s t u d y ,  t h e  r e s u l t s  o f  
which were a b s t r a c t e d  i n  o u r  1975 a n n u a l  r e p o r t  and p r e s e n t l y  a r e  b e i n g  p re -  
pa red  f o r  submiss ion ,  a l o n g  w i t h  t h e  r e s u l t s  of a 1972-73 t a g g i n g  s t u d y ,  t o  
C a l i f o r n i a  F i s h  and Game f o r  p u b l i c a t i o n .  
W e  added 1976 s ize - - f requency  d a t a  t o  t h i s  s t u d y  and i n t e n d  t o  c o n t i n u e  
t o  c o l l e c t  s imilar d a t a  i n  1977. 
CRAB ELVIRONMENT PROJECT STUDIES 
During 1976, t h e  Dungeness Crab Environment P r o j e c t  continued inves-  
t i g a t i o n s  of n a t u r a l  and man-caused chan&es and c y c l e s  i n  t h e  environment 
which could be r e l a t e d  t o  t h e  long- te rn  d e c l i n e  i n  t h e  San Franc isco  a r e a  
c rab  popula t ion  and low landings .  Work cont inued on two major sub-uni ts :  
n a t u r a l  environmental f a c t o r s  and environmental t o x i c a n t s .  
Natura l  ~ n v i r o n m e n t a l '  Fat-tors 
Kork w a s  d i r e c t e d  toward c'ompleting h i s t o r i c a l  oceanographic d a t a  
s e r i e s ,  beginning computer ana lyses  of oceanograplly versu:; c r ab  landings  
and l i f e  h i s t o r y ,  conducting l a b o r a t o r y  experiments  on t h e  r e l a t i o n s h i p  
between c rab  spawning and water  tempera tures ,  and sampling t o  s tudy  
ova r i an  development and mating success  i n  female c.rabs. 
H i s t o r i c a l  Oceanographic Data 
Compilation of h i s t o r i c a l  oceanographic d a t a  ser ies ,begun i n  1975,was 
l a r g e l y  completed t h i s  year  and w i l l  be  updated a s  needed. The fo l lowing  
long-term d a t a  s e r i e s  have been compiled: 
1. Sea s u r f a c e  temperatures  and d e n s i t i e s  a t  c o a s t a l  s t a t i o n s  from 
C a l i f o r n i a  t o  Alaska. 
2. CalCOFI Monterey Bay temperature d a t a  by depth t o  50 m (164 f t ) .  
3.  Sea s u r f a c e  temperatures  from s h i p ' s  obse rva t ions  w i t h i n  Marsden 
squares  o f f  San Franc isco  and Eureka a r e a s .  
4. Upwelling i n d i c e s  from C a l i f o r n i a  t o  Alaska. 
5.  Wind s t r e s s  c u r l  a t  l a t i t u d e s  where upwell ing i n d i c e s  were calcu-  
l a t e d  from C a l i f o r n i a  t o  Alaska. 
6. Sea l e v e l  a t  t i d e  gauge s t a t i -ons  from C a l i f o r n i a  t o  Alaska. Data 
a t  most s t a t i o n s  a r e  both co r r ec t ed  and uncorrec ted  f o r  atmos- 
p h e r i c  p re s su re .  
7. Atmospheric p re s su re  a t  most t i d e  gauge s t a t i o n s  from C a l i f o r n i a  
t o  Alaska. 
8. River  flow r a t e s  i n t o  t h e  ocean f o r  s e l e c t e d  C a l i f o r n i a  r i v e r s .  
Most of t h e s e  d a t a  s e r i e s  have been conputer ized by t h e  Department 's 
Men10 Park Biometr ics  Unit .  
Oceanography Versus Crab Landlings and L i f e  I I i s tory  
Methods and E a t e r i a l s .  We a r e  u s ing  t h e  combined a r r a y  of oceano- 
graphic  parameters  and a  d e n s i t y  dependent f a c t o r  ( au to -co r re l a t ion  of 
c rab  l and ings )  i n  c o r r e l a t i o n s  wi th  c r ab  ca t ches  t o  t e s t  hypotheses on 
causes of f l .uc tua t ions  i n  c rab  popula t ions ,  p a r t i c u l a r l y  t h e  long-term 
d e c l i n e  i n  t h e  San Fraricisco a rea .  
I n  C a l i f o r n i a ,  Dungeness c r ab  ha t ch ing  occurs  p r i m a r i l y  dur ing  
December and January. The l a r v a e  develop through zoea l  and megalopal 
s t a g e s  by May and then  metamorphose i n t o  t h e  f i r s t  p o s t - l a r v a l  i n s t a r  
c rabs  found on t h e  bottom. We t e s t e d  t h e  hypothes is  t h a t  an  oceanographic 
f a c t o r  (o r  group of f a c t o r s )  a f f e c t s  s u r v i v a l  of l a t e  l a r v a l  s t a g e s  r e s u l t -  
i n g  i n  an impact on c rab  landings  when t h e  yea r  c l a s s e s  e n t e r  t h e  f i s h e r y  
about 3 yea r s  l a t e r  i n  c e n t r a l  C a l i f o r n i a  and 4 y e a r s  l a t e r  i n  no r the rn  
Ca l i fo rn i a .  
Using t h e s e  3- and 4-year l a g  t imes ,  m u l t i - v a r i a t e  c o r r e l a t i o n s  were 
run f o r  bo th  no r the rn  and c e n t r a l  C a l i f o r n i a  comparing c rab  landings  w i t h  
an  a r r a y  of oceanographic parameters  dur ing  March, A p r i l ,  and May and t h e  
d e n s i t y  dependent f a c t o r .  Oceanographic parameters  included s e a  s u r f a c e  
temperature and d e n s i t y ,  upwell ing,  wind s t r e s s  c u r l ,  uncorrected s e a  l e v e l ,  
co r r ec t ed  sea  l e v e l ,  atulospheric p re s su re ,  and r i v e r  flow r a t e s .  
Some simple c o r r e l a t i o n s  were made of c rab  1-andings of vary ing  time 
l a g s  and s e l e c t e d  oceanographic parameters.  
The Menlo Park Hiometrics Unit a s s i s t e d  wi th  formulat ion of hypotheses 
and performed the  s t a t i s t i c a l  and computer ope ra t ions .  
Resu l t s .  I n  c e n t r a l  C a l i f o r n i a ,  t h e  b e s t  mu l t i -va r i a t e  c o r r e l a t i o n  
c o e f f i c i e n t  obtained f o r  oceanographic parameters  and crab  landings  i n  t h e  
i n i t i a l  runs  was -0.67. The most s i g n i f i c a n t  f a c t o r s  c o n t r i b u t i n g  t o  t h i s  
c o r r e l a t i o n  were uncorrec ted  s e a  l e v e l  and atmospheric  p re s su re .  By sub- 
s t i t u t i n g  o f f sho re  Marsden squa re  s e a  s u r f a c e  temperatures  f o r  c o a s t a l  
s t a t i o n  temperatures ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t  was improved s l i g h t l y  
t o  -0.70. I f  t h e s e  c o r r e l a t i o n s  do r e f l e c t  a c t u a l  cause and e f f e c t  s i t u a -  
t i o n s ,  t h e  parameters,by themselves,  probably do no t  cause f l u c t u a t i o n s  i n  
. . 
s u r v i v a l  of l a r v a e  bu t  a r e  most l i k e l y  i n d i c a t o r s  of c a u s a t i v e  f a c t o r s  
such a s  ocean c u r r e n t s ,  p r o d u c t i v i t y ,  e t c . ,  which could a f f e c t  l a r v a e  
d i r e c t l y .  
I n  no r the rn  C a l i f o r n i a ,  a  c o r r e l a t i o n  c o e f f i c i e n t  of -0.76 was 
obta ined .  The d e n s i t y  dependent f a c t o r  and s e a  s u r f a c e  temperature were 
t h e  most s i g n i f i c a n t  parameters  w i th  t h e  d e n s i t y  dependent f a c t o r  be ing  
t h e  major c o n t r i b u t o r  t o  t h e  c o r r e l a t i o n .  
Simple c o r r e l a t i o n s  were run on c e n t r a l  C a l i f o r n i a  c r ab  landings  wi th  
0 t o  3-year l a g s  and s e a  s u r f a c e  temperatures  and d e n s i t i e s  and r i v e r  flow 
r a t e s  ( a c t u a l l y ,  flow through t h e  Sacramento-San Joaquin De l t a  i n t o  
San Pab lo  and San F r a n c i s c o  bays )  d u r i n g  J u n e  through August and September 
th rough  November. C e n t r a l  C a l i f o r n i a  c r a b  l a n d i n g s  w i t h  t h e  same t i m e  l a g s  
were  r u n  a l s o  on 30-m ($00-f t )  Monterey Bay t e m p e r a t u r e s  f o r  a l l  f o u r  
q u a r t e r s  o f  t h e  y e a r .  The h i g h e s t  c o r r e l a t i o n  c o e f f i c i e n t  o b t a i n e d  f o r  any 
of t h e s e  was 0.22 f o r  30-m (100-f t )  t e m p e r a t u r e s  d u r i n g  t h e  October-December 
q u a r t e r .  
D i s c u s s i o n .  Cons ider ing  t h e  l i m i t a t i o n s  i n  u s i n g  c r a b  l a n d i n g s  as an  
i n d e x  o f  y e a r  c l a s s  s t r e n g t h ,  t h e  c o r r e l a t i o n  c o e f f i c i e n t s  o b t a i n e d  i n  t h e  
m u l t i - v a r i a t e  c o r r e l a t i o n s  a r e  s u r p r i s i n g l y  good. The r e s u l t s  s u g g e s t  t h e  
p r o b a b i l i t y  o f  a  r e l a t i o n s h i p  between oceanograph ic  c o n d i t i o n s ,  l a t e  s t a g e  
l a r v a l  s u r v i v a l ,  and y e a r  c l a s s  s t r e n g t h  i n  c e n t r a l  C a l i f o r n i a ,  w h i l e  i n  
n o r t h e r n  C a l i f o r n i a  b i o t i c  f a c t o r s  i n h e r e n t  i n  t h e  c r a b  p o p u l a t i o n  may b e  
more i m p o r t a n t  t o  y e a r  c l a s s  s t r e n g t h  t h a n  e f f e c t s  o f  e n v i r o n m e n t a l  condi-  
t i o n s  on l a t e  s t a g e  l a r v a l  s u r v i v a l .  
L h i l e  t h e s e  f i r s t  e f f o r t s  a r e  encourag ing ,  more complete  a n a l y s i s  and 
i n t e r p r e t a t i o n  of t h e  r e s u l t s  w i l l  b e  p o s s i b l e  when c o r r e l a t i o n s  have been 
made f o r  a l l  of t h e  p o s s i b l e  l i f e  s t a g e s  and oceanograph ic  phenomena we 
p l a n  t o  compare. 
Crab Spawning and Water Temperature  R e l a t i o n s h i p s  
A main o b j e c t i v e  of comparisons  of oceanograph ic  d a t a  w i t h  c r a b  land-  
i n g s  and l i f e  h i s t o r y  i n f o r m a t i o n  i s  t o  l o o k  f o r  i n t e r r e l a t i o n s h i p s  which 
cou ld  c a u s e  o r  c o n t r i b u t e  t o  f l u c t u a t i o n s  i n  Dungeness c r a b  p o p u l a t i o n s .  
Comparison o f  t h e  o v i g e r o u s  p e r i o d  and n e a r s h o r e  s e a w a t e r  t e m p e r a t u r e  pro- 
f i l e s  a t  d e p t h s  where a d u l t  c r a b s  o c c u r  s u g g e s t s  a  p o s s i b l e  r e l a t i o n s h i p  
between t h e  t ime  of  Dungeness c r a b  spawning and r i s i n g  w a t e r  t e m p e r a t u r e s .  
Along t h e  C a l i f o r n i a  c o a s t ,  no r thwes te r ly  winds and upwelling gene ra l ly  
s lacken  i n  l a t e  summer wi th  a  r e l a x a t i o n  of t h e  thermocline i n  f a l l  and 
onse t  of t h e  nearshore ,  northward f lowing Davidson c u r r e n t  i n  l a t e  f a l l  o r  
e a r l y  w in te r .  A s  a  r e s u l t  of t h e s e  even t s ,  riearshore bottom temperatures  
a r e  warrnest dur ing  l a t e  f a l l  and win te r  months. Th i s  warming t r end  i s  not  
apparent  i n  s u r f a c e  temperature p r o f i l e s  which u s u a l l y  reach a  peak i n  
September o r  October and a r e  on a  d e c l i n e  dur ing  win te r .  
I f  c rab  spawning i s  r e l a t e d  t o  environmental cond i t i ons ,  v a r i a t i o n s  
i n  t iming of t h e s e  even t s  could a f f e c t  t ime of spawning. Ea r ly  o r  l a t e  
spawning could r e s u l t  i n  l a r v a e  ha tch ing  dur ing  d i f f e r e n t  oceanographic 
cond i t i ons  which could a f f e c t  d i s t r i b u t i o n  and s u r v i v a l  of l a r v a l  and 
j u v e n i l e  crabs.  Knowledge of t ime of spabming and ha t ch ing  i s  important  
i n  ana lyses  of e f f e c t s  of environmental phenomena on d i s t r i b u t i o n ,  sur -  
v i v a l ,  and abundance of c r abs .  Therefore ,  i t  i s  important  t o  know whether 
c r a b s  a r e  spawnkg  i n  response t o  &nvironmental cond i t i ons  such a s  a  r i s e  
i n  water  temperatute  o r  whether o t h e r  f a c t o r s  a r e  involved which merely 
co inc ide  wi th  t h e  r i s e  i n  water  temperature.  
Nethods and M a t e r i a l s .  We began exper imenta l  work t o  s tudy  t h e  
r e l a t i o n s h i p  between c rab  spawning and tempera ture  a t  t he  Marine Cul ture  
Laboratory i n  J u l y  1976. I n i t i a l l y ,  a  smal l - sca le  experiment was designed 
t o  determine by a  c o n t r o l l e d  r i s e  i n  water  temperature whether female 
c r a b s  could be induced t o  spawn ou t  of phase wi th  t h e  usua l  season  i n  t h e  
wild.  
Two aqua r i a  were equipped wi th  sand beds and sub-sand f i l t e r s  and 
were suppl ied  wi th  f i l t e r e d ,  W t r e a t e d  seawater .  Two female c r a b s ,  one 
e a c h  from San F r a n c i s c o  and Eureka a r e a s ,  were p l a c e d  i n  e a c h  a q u a r i u n .  
The c r a b s  were a c c l i m a t e d  f o r  2 t o  3 weeks a t  ambient l a b o r a t o r y  s e a w a t e r  
t e m p e r a t u r e s  which averaged abou t  11 C (52 F ) .  On J u l y  26, aquarium sea-  
w a t e r  t e m p e r a t u r e  c o n t r o l  began. One aquarium was s e t  and main ta ined  a t  
approx imate ly  1 0  C (50 F ) .  The o t h e r  was g r a d u a l l y  r a i s e d  t o  1 7  C (63 F ) ,  
where i t  was main ta ined  w i t h i n  approximate  limits of $1 C (1 .8  F ) .  The 
- 
c r a b s  were f e d  p i e c e s  of f r o z e n  s q u i d  abou t  t h r e e  t imes  p e r  week. 
O b s e r v a t i o n s  o f  b e h a v i o r ,  r e c o r d s  of aiuari.um t e m p e r a t u r e s  and anounts  
of s q u i d  e a t e n  were  made about  t h r e e  t imes  p e r  weel:. 
R e s u l t s .  On September 5 ,  t h e  c r a b  from t h e  Eureka a r e a  i n  t h e  warn1 
aquar ium was observed t o  have spawned a normal a p p e a r i n g  egg mass. T h i s  i s  
abou t  1 t o  2 months ahead o f  t h e  u s u a l  season  i n  C a l i f o r n i a .  T h i s  c r a b  
appeared t o  be  p r o g r e s s i n g  ilorraally u n t i l  September 1 9  when i t  was found 
dead i n  t h e  aquariurn. An examina t ion  r e v e a l e d  no obv ious  c a u s e  o f  d e a t h .  
On October 1 7 ,  t h e  Eurelca c r a b  i n  t h e  co ld  w a t e r  aquarium was found 
dead. T h i s  c r a b ,  t h e  l a r g e s t  of t h e  f o u r ,  and t h e  o n l y  one which d i d  n o t .  
appear  t o  have mol ted  i n  r e c e n t  months,  had been behaving u n u s u a l l y  f o r  1 
t o  2 weeks. It had n o t  been b u r y i n g  i n  t h e  sand l i k e  t h e  o t h e r s  b u t  s t o o d  
"hunched up" on i t s  l e g s  i n  a c o r n e r  o f  t h e  aquarium, and may have s topped  
f e e d i n g .  When found dead,  one c h e l a  and t h r e e  wa lk ing  l e g s  were broken o f f .  
These appeared t o  have been autotomized a s  t h e r e  was no i n d i c a t i o n  of can- 
n i b a l i z a t i o n  by t h e  o t h e r  c r a b .  A11 l e g s  i n c l u d e d ,  i t  weighed 25 g (0 .9  oz)  
l e s s  a t  d e a t h  t h a n  i t  had on September 1. The o v a r i e s  appeared  de layed  i n  
development when compared t o  samples o f  c r a b s  from t h e  w i l d .  The cause  of 
d e a t h  was n o t  a p p a r e n t .  
The two remaining c r a b s ,  one i n  each aquarium and both  from t h e  
San F ranc i sco  a r e a ,  cont inued t o  behave normally.  The absence of spavming 
i n  t h e  c r ab  remaining i n  t h e  warn water  might have been due t o  immature ovar ian  
development which w e  have observed i n  some samples of c r a b s  about t h i s  s i z e ,  
122 nlm (4.8 i n c h e s ) ,  du r ing  t h e  same pe r iod  i n  t h e  $rild.  
We p l an  t o  main ta jn  t h e  two aqua r i a  through t h e  usual. spawning and 
ovigerous  p e r i o d s  and, i n  l a t e  February o r  Elarch 1977, r a i s e  t h e  tempera ture  
i n  t h e  co ld  water  aquarium t o  t r y  t o  induce t h e  remaining c r a b  t o  spawn. 
Feeding r eco rds  i n d i c a t e  t h a t  c r a b s  i n  warm water  cc~lsumed more food 
than  those  i n  cold water  (F igure  3 ) .  S i z e s  of t h e  c r a b s  were approximately 
equa l  i n  t h e  r e s p e c t i v e  a q u a r i a  whi.ch r u l e s  o u t  d i f f e r e n c e s  i n  consumption 
r a t e s  on a b a s i s  of s i z e .  
Discuss ion .  Fi-eld obse rva t ions  dur ing  September and October 1976 i n d i -  
c a t e  t h a t  c r a b s  began spawning i n  t h e  San Franc isco  a r e a  du r ing  t h e  1st week 
of October. A sma l l  sample of r e c e n t l y  spawned c rabs  was t aken  i n  t h e  Eureka 
a r e a  about  t h e  same t i m e  and s e v e r a l  c r a b s  i n  ambient seawater  a t  t h e  Marine 
Cu l tu re  Laboratory began spawning a l s o  a t  about  t h e  same t i m e .  Seawater 
t empera tures  a t  t h e  l a b o r a t o r y  were t h e  h i g h e s t  recorded f o r  t h e  yea r  t o  
t h a t  t ime and w e r e  probabl-y i n d i c a t i v e  of a g e n e r a l  warming t r e n d  a l l  a long  
t h e  c o a s t .  These obse rva t ions ,  i n  a d d i t i o n  t o  t h e  e a r l y  spawning by t h e  
c r a b  i n  t h e  warn1 water  aquarium and delayed o v a r i a n  development i n  t h e  c r ab  
i n  co ld  wa te r ,  suppor t  t h e  hypo thes i s  t h a t  c r a b  spawning i s  r e l a t e d  t o  a 
rise i n  water  temperature .  We p l a n  more i n t e n s i v e  l a b o r a t o r y  experiments  
du r ing  1977 t o  t e s t  t h i s  r e l a t i o n s h i p .  
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Development of Ovar ies  and >latinp, Success  
I n t e r p r e t a t i o n  of  r e s u l t s  from exper iments  on c r a b  spawning and sea -  
w a t e r  t e m p e r a t u r e s  depends i n  p a r t  upon knowing t h e  p r o b a b i l i t y  t h a t  female  
c r a b s  have mated s u c c e s s f u l l y  and t h e  p r o b a b l e  s t a t e  of development of t h e  
o v a r i e s  a t  the. t ime  of c o l l e c t i o n .  I n  C a l i f o r n i a ,  a m a j o r i t y  of Dungeness 
c r a b s  mates  i n  t h e  sp r i -ng  when t h e  females  mol t  and a r e  i n  a s o f t  c o n d i t i o n ,  
Spermatophores con ta in i .ng  sperm a r e  deposi t .cd  b y  t h e  males  i n t o  i n t e r n a l  
holdi .ng s a c s ,  t h e  sperr . iathecae,  i n  t h e  fe r r~a les .  I n  l a t e  f a l l .  and e a r l y  
w i n t e r ,  t h e  eggs  a r e  f e r t i l i z e d  a s  t h e y  a r e  e x t r u d e d  (spawned) by t h e  
female  c r a b .  The eggs  a d h e r e  t o  t h e  p leopods  on t h e  f e m a l e ' s  abdomen i n  a 
mass c o m o ~ ~ l y  c a l l e d  a sponge,  where t h e y  undergo devel.opment and h a t c h i n g .  
There  i s  ev idence  t h a t  one mat ing  may s u f f i c e  f o r  more t h a n  one spawning. 
Methods and M a t e r i a l s .  - During June  and J u l y ,  .we examined s i x  female  
c r a b s  ( t h r e e  from t h e  San F r a n c i s c o  a r e a  and t h r e e  from t h e  Eureka a r e a )  
f o r  o v a r i a n  development and mat ing  s u c c e s s .  Developing o v a r i e s  i n c r e a s e  i n  
s i z e  and weight  and change i n  c o l o r  from w h i t e  o r  pin.ki.sh t o  o range ,  r e d ,  
and d a r k  r e d .  Ovar ian development was determined by s i z e ,  we igh t  and c o l o r  
of t h e  o v a r i e s .  Mat ing s u c c e s s  was de te rmined  by t h e  p r e s e n c e  o f  sperm i n  
t h e  spermathecae.  
Ovar ies  i n  t h e  San F r a n c i s c o  c r a b s  e x h i b i t e d  minimal development 
( F i g u r e  4 ) ,  and t h e  spermathecae a p p a r e n t l y  a l l  c o n t a i n e d  sperm. Eureka 
c r a b  o v a r i e s  were c o n s i d e r a b l y  more advanced i n  development ( F i g u r e  4 ) ,  b u t  
a l l  spermathecae appeared empty. 
It d i d  n o t  seem r e a s o n a b l e  t h a t  t h e  s m a l l  d i f f e r e n c e  i n  t i m e  of c o l l e c -  
t i o n s  n o r  s i z e  d i f f e r e n c e s  i n  t h e  c r a b s  cou ld  e x p l a i n  t h e  d i f f e r e n c e s  between 
6 
EUREKA 
fgj3 
COLOR OF OVARIES 
@ RED-ORANGE 
0 ORANGE 
a PALE ORANGE 
CRAB WIDTH I N ' M I L L I M E T E W S  
FlGURR 4 .  Female Dungeness crab w i d t h  versus weigh t  and color  
of cvaries from San Francisco area ,  June 25, 1976 
and Eu~cka area,  July 14, 1976. 
t h e  two a reas .  Therefore ,  we have decided t o  o b t a i n  l a r g e r  samples from 
each a r e a  p e r i o d i c a l l y  f o r  a t  l e a s t  1 year  t o  ob ta jn  f u r t h e r  in format ion  
on t h e s e  important  1 i f e . h i s t o r y  phenomeng through a  complete cyc le .  As of 
December 1976, 87 female c r abs  had been examined f o r  ova r i an  develop~uent 
and mating success .  Samples of o v a r i e s  and spcrmathccae have been pre-  
served f o r  niicroscopic examination of ova and sperm. 
Resu l t s .  The l a r g e  d i f f e r e n c e s  i n  t h e  f i r s t  few c rabs  w e  examined were 
-- 
not  a s  ev ident  j n  l a r g e r  samples c o l l e c t e d  l a t e r ,  b u t  t h e r e  were some 
obvious d i f f e r e n c e s .  During l a t e  J u l y  and e a r l y  August, San Francisco a r e a  
c r ab  o v a r i e s  exh ib i t ed  a  wider  range of development than  d i d  Eureka a r e a  
o v a r i e s  i n  t h e  same s i z e  range (F jgures  5 and 6 ) .  A t  l e a s t  one-third of 
t h e  San Franc isco  c rab  o v a r i e s  i n  t h i s  s i z e  range were l e s s  developed than  
those  of Eureka. 
Di f fe rences  i n  ovary c o l o r  were a l s o  ev iden t  between t h e  two a r e a s .  For 
example, f i v e  Eureka c rabs  had dark  red  o v a r i e s  whi le  only one from San 
Franc isco  had t h i s  co lo r .  
Crabs taken from t h e  San Franc isco  a r e a  i n  l a t e  September and e a r l y  
October showed more advanced development i n  o v a r i e s  than d i d  e a r l i e r  sam- 
p l e s  from t h e  same a r e a  (Figure 7 ) .  The average ovar ian  weights  were g r e a t e r  
f o r  a given s i z e ;  more o v a r i e s  were red  i n  c o l o r ,  b u t  none were dark  red .  
No Eureka sample was obta ined  a t  t h i s  t ime.  I n  t h e  f i e l d ,  some c rabs  from 
both a r e a s  spawned i n  e a r l y  October.  
A l l  c r abs  over  110 mm (4.3 i nches )  had developing o v a r i e s .  I n  gene ra l ,  
weight of o v a r i e s  increased  a s  width of t h e  c r abs  increased .  However, 
t h e  l a r g e s t  c r abs  d id  n o t  have t h e  l a r g e s t  ova r i e s .  The l a r g e s t  o v a r i e s  oc- 
cur red  i n  c r abs  ranging i n  width from 145 t o  155 mm (5.7 t o  6.1 i nches ) .  
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FIGURE 5. Female Du:lgencss c r a b  width versus weight  and col.or 
of o v a r i e s  from San F r a n c i s c o  area, August 3 ,  1976.  
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FIGURE 6. Fernale Dungeness crab width versus  17e:iLght and color 
of ovar ies  from Eureka area,  J u l y  29 ,  1976.  
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FIGURE 7.  Felna3-e Dungelless c r a b  w i d t h  versus  weight: and c o l o r  
of ovaries from San F r a n c i s c o  a rea ,  September 27- 
October 7 ,  1976.  
Also ,  spermathecae d i f f e r e n c e s  were  found between t h e  two a r e a s .  Less  
t h a n  502 of  t h e  Eureka c r a b s  e x h i b i t e d  e v i d e n c e  of s u c c e s s f u l  mat ing ,  w h i l e  
76% of  t h e  San F r a n c i s c o  c r a b s  e x h i b i t e d  s i rni l -ar  ev idence .  S e v e r a l  c r a b s  
from b o t h  a r e a s  had one spermatheca empty w h i l e  t h e  o t h e r  appeared  t o  con- 
t a i n  sperm. 
D i s c u s s i o n .  Def in i - t e  d i f f e r e x ~ c e s  i n  b o t h  deve1op:ncnt of o v a r i e s  and 
PP 
mating s u c c e s s  were e v i d e n t  from t h e  i n i t i a l  o b s e r v a t i o n s .  L h e t h e r  t h e  d i f -  
f e r e n c e s  were r e l a t e d  t o  f l u c t u a t i o n s  i n  Dungeness c r a b  ~ . l o p u l a t i o n s  and 
c a t c h  c a n n o t  b e . d e t e r m i n e d  y e t . .  Continued sampling may y i e l d  a n  answer.  
R e s u l t s  o f  t h e  m i c r o s c o p i c  examina t ions  of o v a r i e s  and spermathecae ,  when 
completed,  shou ld  h e l p  u s  c l a r i f y  o u r  o b s e r v a t i o i i s  and ur iders tand d i f f e r -  
e n c e s  between t h e  two a r e a s .  
The a p p a r e n t  incomple te  mat ing  s u c c e s s  may b e  r e l a t e d  t o  t h e  i n t e n s i v e ,  
l a r g e  h a r v e s t  o f  l e g a l  males  which o c c u r s  e a c h  y e a r  b e f o r e  t h e  mat ing  
season .  The p r d b l e n ~  may b e  i n t e n s i f i e d  d u r i n g  a  v e r y  l a r g e  h a r v e s t  w i t h  
more i n t e n s i v e  e f f o r t  such  a s  o c c u r r e d  o f f  n o r t h e r n  CalifFornia d u r i n g  t h e  
1975-76 season .  At abou t  1 kg (2 l b )  p e r  c r a b ,  t h e  h a r v e s t  o f  16 .5  m i l l i o n  
l b  (7 ,484 MT) removed approx imate ly  8  m i l l i o n  male  c r a b s  from t h e  n o r t h e r n  
C a l i f o r n i a  p o p u l a t i o n  t h i - s  p a s t  s e a s o n  when t h e  female  p o p u l a t i o n  was 
p robab ly  v e r y  h i g h  a l s o .  
W e  do n o t  know what e f f e c t  sperm d e p o s i t  i n  o n l y  one spermatheca h a s  on 
egg  f e r t i l i z a t i o n  and s e t t i n g  o f  t h e  egg mass. I f  ova from o n l y  one o v a r y  
are b e i n g  f e r t i l i z e d ,  t h e  egg m a s s  might  b e  s m a l l e r ,  o r  i f  u n f e r t i l i z e d  
eggs  are set i n  t h e  egg mass,  a smaller h a t c h  would p robab ly  o c c u r .  W e  p l a n  
more sampl ing o f  o v i g e r o u s  c r a b s  from b o t h  a r e a s  t o  o b t a i n  more i n f o r m a t i o n  
on t h i s .  
Environmental Toxicants 
In general, our appr0ac.h in assessing the role of environnental toxi- 
cants in preventing the recovery of the San Francisco Dungeness crab popu- 
lation has been to compare tissue burdens of various toxicants in crabs 
from the San Francisco area with those from the healthy crab population in 
the Eureka area. Statistically significant differences between the tv~o 
areas will suggest where laboratory experimentation such as bioassays may 
be useful in evaluating the biologi.ca1 significance of the differences in 
toxicant levels, 
Trace and Major Elements 
PP
Muscle and hepatopancreas samples from cra.bs from the San Francfsco 
and Eureka areas were submitted to the Departl.ientls Water Pollution Control 
and Moss Landing Marine Laboratories for cletcrmination of levels of poten- 
tially t0xi.c elements. The Water Pol.luti.on Control Laboratory tested for: 
levels of arsenic, barium, bromine, calcium, chromium, cobalt, copper, 
iron, mercury, potassium, manganese, nickel, lead, selenium, strontium, and 
zinc. Moss Landing Marine Laboratories reported on levels of cadmium, 
copper, iron, manganese, silver, and zinc. Analyses were conducted by 
atomic absorption and X-ray fluorescence. 
Tissues from 25 adult crabs of each sex and from each area were ana- 
lyzed individually. Juvenile crab tissues were conposited and represented 50 
of each sex from each area. The number of analyses approximated 7,300. 
Although the data from these determinations have not yet been subjected 
to statistical analysis, some observations can be made. In all samples 
tested, concentrations of the foll.owi.ng elements were below detection limits: 
l e a d  ( d e t e c t i o n  l i m i t  1 . 0  ppm) , chromium (4.0  ppm) , c o b a l t  (4 .0  ppm), and 
bar ium (150 ppn) .  I n  g e n e r a l ,  t i s s u e  c o n c e n t r a t i o n s  of t h e  e l e m e n t s  
t e s t e d  were  h i g h e r  i n  a d u l t  a n i m a l s  (an e x c e p t i o n  was manganese) and h i g h e r  
i n  t h e  hepa topancrezs  t h a n  i n  t h e  muscle  ( e x c e p t i o n s  were a r s e n i c ,  po tass ium,  
and z i n c ) .  E i g h e s t  c o n c e n t r a t i o n s  of most e l e m e n t s  t e s t &  were  found i n  t h e  
hepa topancreas  of a d u l t  f e n a l e s .  
The most obvi-ous d i f f e r e n c e s  i n  t i s s u e  burdens  of p o t e n t i a 1 l . y  t o x i c  
e lements  between t h e  San F r a n c i s c o  and Eureka a r e a s  were found i n  comparisons 
of l e v e l s  of s i l v e r ,  cadmium, and s e l e r  ium i n  a d u l t  f emale  he .patopancreas .  
Average c o n c e n t r a t i o n s  o f  t h e s e  e lements  were h i g h e r  i n  San F r a n c i s c o  c r a b s  
(Table  2 ) .  
TAELE 2. C o n c e n t r a t i o n s  of S e l e c t e d  Elements i n  Hepatopancreas  of Adul t  
Female Dungeness Crabs from San F r a n c j s c o  and Eureka Areas .  
- 
S i l v e r  (ppm) Cadmium (ppm) Selenium (ppm) 
Area Ran= Mean Range Pic .--- an  Range Mean 
San F r a n c i s c o  9.9-49.9 24.0 22.1-241.0 76.9 2.8-24.8 9.75 
Eureka 4.2-25.3 10.4  8.3- 90.7 27.2 0- 6.3 2.75 
F i v e  c r a b  egg samples  from t h e  San F r a n c i s c o  a r e a  and two from t h e  
Eureka a r e a  were  submi t t ed  t o  t h e  Lawrence Livermore L a b o r a t o r y .  T i s s u e  
c o n c e n t r a t i o n s  of 38 e l e m e n t s  were  determined by means of X-ray f l u o r e s c e n c e  
and n e u t r o n  a c t i v a t i o n  a n a l y s i s .  Though s t a t i s t i c a l  e v a l u a t i o n  o f  t h e s e  
d a t a  i s  n o t  complete ,  some g e n e r a l  s t a t e m e n t s  can  be made. C o n c e n t r a t i o n s  
of n e a r l y  a l l  e l ements  averaged  h i g h e r  i n  t h e  San F r a n c i s c o  egg masses  t h a n  
i n  t h o s e  from Eureka,  a l t h o u g h  t h e r e  i s  more v a r i a b i l i t y  w i t h i n  t h e  San 
F r a n c i s c o  samples t h a n  between t h e  two a r e a s .  
C o n c e n t r a t i o n s  of i r o n  found i n  egg masses  ranged from 3 t o  80 t i m e s  t h o s e  
of t h e  h e p a t o p a n c r e a s  of t h e  same i n d i v i d u a l s  (Table  3 ) .  
TABLE 3. ~ o n c e n t ; a t i o n s  of I r o n  i* T i s s u e s  of Crabs from t h e  
Eureka and San F r a n c i s c o  Areas.  
I r o n  ( p p d  
' Area Sample x o .  Iiepc?topanc.~.eas Egg nass 
Eureka 1 0 1  36.2 2,920 
 an F r a n c i s c o  0  1. 503 5 ,650 
P e s t i c i d e s  and P o l y c h l o r i n a t e d  Bipheny1.s --
J u v e n i l e  c r a b s  c o l l e c t e d  from San F r a n c i s c o  and Humboldt Bays were sub- 
m i t t e d  t o  t h e  Depar tment ' s  P e s t i c i d e  L a b o r a t o r y  where muscle  and hepa to-  
p a n c r e a s  t i s s u e  l e v e l s  o f  c h l o r i n a t e d  hydrocarbon p e s t i c i d e s  and po lych lo-  
r i n a t e d  b i p h e n y l s  (PCR'S) were determined.  The o n l y  p e s t i c i d e  r e s i d u e  found 
was DDE, a m e t a b o l i t e  o f  DDT. 
Leve l s  of DDE and PCB's reached  h i g h e r  c o n c e n t r a t i o n s  i n  t h e  hepato-  
p a n c r e a s  t h a n  i n  t h e  muscle  (Table  4 ) .  Crabs from Humboldt Bay had h i g h e r  
mean l e v e l s  o f  DDE r e s i d u e s  t h a n  t h o s e  from San F r a n c i s c o  Bay; however, PCB 
r e s i d u e s  averaged h i g h e r  i n  San FrancLsco  Bay c r a b s .  
TABLE 4 .  T i s s u e  L8evels o f  DDE and PCB's i n  Dungeness Crabs from 
San F r a n c i s c o  and Hunboldt Rays. 
Area ' T i s s u e  r a n g e  mean range. mean 
---- - 
San F r a n c i s c o  Bay rnusc.1~ . 001- .020 .004 .005- .079 .028 
h e p a t o p a n c r e a s  .016-. 58 .075 .32 -1.8 .82 
Humboldt Ray muscle  . 001-. 020 .007 .007-. 025 .013 
hepa topancrens  .027-. 32 .15 .18  - .79 .36  
* PCB's - a t o t a l  of A r o c l o r s  1248 4- 1254 -I- 1254/1260 m i x t u r e .  
The l e v e l s  of DT)E and PCB's r e p o r t e d  h e r e  a r e  lower  t h a n  t h o s e  found i n  
c r a b  t i s s u e s  i n  e a r l i e r  s t u d i e s .  T h i s  may b e  a r e f l e c t i o n  o f  t h e  more 
s t r i n g e n t  c o n t r o l s  on r e l e a s e s  o f  DDT and PCB's i n t o  t h e  environment .  A t  
any rate, from t h e  low r e s i d u e  leve1.s found i n  t h i s  s t u d y ,  i t  seems u n l i k e l y  
t h a t  DDT o r  PCB 'S  a r e  r e s p o n s i b l e  f o r  p r e v e n t i n g  t h e  r e c o v e r y  o f  t h e  San 
F r a n c i s c o  a r e a  Dungeness c r a b  p o p u l a t i o n .  
Pe t ro leum llydrocarbons 
Crabs from t h e  San F r a n c i s c o  and Eureka a r e a s  were s u b m i t t e d  t o  t h e  
Naval B i o s c i e n c e s  Labora to ry ,  U n i v e r s i t y  o f  C a l i f o r n i a ,  I ierkeley,  f o r  d e t e r -  
m i n a t i o n  of pe t ro leum hydrocarbon burdens  i n  muscle ,  h e p a t o p a n c r e a s ,  and 
gonada l  ( o r  egg mass) t i s s u e s .  Th in- layer  chromatography was used t o  d e t e r -  
mine a l i p h a t i c  and a r o m a t i c  hydrocarbon c o n t e n t .  P o l y n u c ~ l e a r  a r o m a t i c  
hydrocarbons  were  ana lyzed  u s i n g  f l u o r e s c e n c e  spec t rophotomet ry .  
No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were  found between males and 
females  from t h e  same r e g i o n .  There  was no s i g n i f i c a n t  d i f f e r e n c e  i n  
hydrocarbon burden between d i f f e r e n t  t i s s u e s  i n  t h e  Eureka s a r p l e s ,  a l t t ~ o u g h  
hepatopancreas  t i s s u e  i n  San Franc isco  a r e a  c r a b s  showed h ighe r  hydrocarbon 
l e v e l s  than  d i d  muscle and gonadal t i s s u e .  
I n  comparing d i f f e r e n t  r eg ions ,  t h e  Ssn Franc isco  a r e a  a d u l t  c r a b s  con- 
t a ined  s i g n i f i c a n t l y  h ighe r  btlrdens of  hydrocarbons than  d i d  a d u l t  c r a b s  from 
Eureka. Large j u v e n i l e  c r a b s  appeared t o  fo l l ow  t h e  same t r e n d ,  a l though 
f u r t h e r  work i s  r equ i r ed  t o  o b t a i n  statistical v a l i d i t y .  
Chlor ina ted  Wastes 
A p r o p a s a l ' f o r  Sea Grant funding of a  s tudy  on e f f e c t s  of chl-or inated 
waste  e f f l u e n t s  on j u v e n i l e  Dungeness c r a b s ,  submit ted i n  l a t e  1975 by 
Alex Horne of U.C. ~ e r k e l e y ' s  San i t a ry  Engineer ing Research Laboratory 
(SERL) i n  coopera t ion  w i t h  our  p r o j e c t ,  was n o t  approved by Sea Grant .  
However, Sea Grant provided SERL w i t h  r a p i d  response funds f o r  "an assess- ,  
ment of t h e  e x i s t i n g  s t a t e  of knowledge" r e l a t i v e  t o  t h e  proposed s tudy .  
Th i s  assessment  was conducted and r epo r t ed  on a t  a  symposium on c r ab  
r e s e a r c h  i n  Monterey on October 21, 1976. The assessment demonstrated 
t h a t  an i n c r e a s e  i n  c h l o r i n a t i o n  of waste  i n  San Franc isco  and San Pablo 
Bays occurred w i t h i n  a . t i m e  pe r iod  which co inc ided  w i t h  t h e  d e c l i n e  i n  t h e  
San Franc isco  c r ab  popula t ion .  
Following t h e  meeting, another  proposal.  f o r  t h e  s tudy  was submit ted t o  
Sea Grant.  I ts f a t e  i s  n o t  known y e t .  
MARINE CULTUEE LABORATORY CRAB STUDIES 
Good p r o g r e s s  was nade toward mee t ing  t h e  o b j e c t i v e  of d e v e l o p i n g  a 
mass c u l t u r e  c a p a b i l i t y ' f o r  l a r v a l  and p b s t - I a r v a l  Dungeness c r a b s .  
Major emphasis s h i f t e d  from conduct in^ a  b road  a r r a y  of exper iments  t o  f i n d  
s a t i s f a c t o r y  l a r v a l  growth and s u r v i v a l  p a r a m e t e r s ,  t o  t e c h n o l o g i c a l  deve l -  
opment and t e s t i n g  o f  c u l t u r e  spstenls f o r  l a r v a l  and p o s t - l a r v a l  c r a b  
s t a g e s .  A c q u i s i t i o n  o f  o v i g e r o u s  c r a b s  f r o n  F a s h i n g t o n  and Alaska ,  
th rough  t h e  c o o p e r a t i o n  o f  N a t i c n a l  Marine F i s h e r i e s  S e r v i c e  and t h e  Bodega 
Marine I , abora to ry ,  extended t h e  p e r i o d  f o r  c r a b  c u l t u r e  exper iments .  The 
Alaskan c r a b  d i d  n o t  h a t c h  l a r v a e  u n t i l  June.  
Mass C u l t u r e  Systems 
Two b a s i c  tlrru-flow l a r v a l  c u l t u r e  sys tems  were des igned  and t e s t e d .  
One sys tem i n c o r p o r a t e d  a  sand s u b s t r a t e  and was similar i n  d e s i g n  t o  a  
c u l t u r e  sys tem t h a t  proved s u c c e s s f u l  l a s t  y e a r .  The o t h e r  sys tem 
i n c o r p o r a t e d  a  sc reened  bot tom t o  r e t a i n  c r a b  l a r v a e .  Three  a d d i t i o n a l  ~ 
c u l t u r e  sys tems were d e s i g n e d ,  f a b r i c a t e d ,  and t e s t e d  f o r  megalopae and 
p o s t - l a r v a l  c r a b s .  
It was de te rmined  t h a t  l a r v a l  c r a b  d e n s i t i e s  i n  t h e  thru-f low c u l t u r e  
sys tems  cou ld  b e  i n c r e a s e d  by a  f a c t o r  of n e a r l y  s i x  ( 1  l a r v a  p e r  7 m l  o f  
w a t e r  volume compared t o  1 l a r v a  p e r  40 m l  of  c u l t u r e  volume) and y i e l d  
f a v o r a b l e  r e s u l t s .  Al though t h e  p e r c e n t a g e  d e v e l o p i n g  t o  t h e  megalopal  
s t a g e  was lower  a t  t h e s e  i n c r e a s e d  d e n s i t i e s  t h a n  t h a t  of t h e  b e s t  p r e v i o u s  
c u l t u r e  sys tem t e s t e d ,  t h e  number of l a r v a e  d e v e l o p i n g  t o  t h e  megalopa 
s t a g e  was approx imate ly  double .  
Based on r e s u l t s  o b t a i n e d  from t h r e e  h i g h  l a r v a l  d e n s i t y  thru-f low 
c u l t u r e  sys tems  t h a t  were t e s t e d ,  an e s t i m a t i o n  of t h e  p r e s e n t  c a p a b i l i t y ,  
and r e q u i r e m e n t s ,  t o  c u l t i v a t e  l a r v a l  c r a b s  t o  t h e  megalopal  s t a g e  can b e  
made (average  v a l u e s ) :  Twelve hundred newly ha tched  c r a b  l a r v a e ,  d i s t r i b -  
u t e d  i n  a n  8 . 5 - l i t e r  (2.2-gal)  c u l t u r e  c o n t a i n e r  shou ld  yie1.d 1.63 l a r v a e  
t o  the. megalopal  s t a g e  i n  about  63 days .  T h i s  r e q u i r e s  abou t  864 l i te rs  
(228 g a l )  o f  f i l t e r e d  s e a w a t e r  p e r  day (based on a c u l t u r e  f l o w  r a t e  of 
0.6 l i t e r l m i n ) ,  a t  a  w a t e r  t e m p e r a t u r e  o f  1 4  t o  1 5  C (57.2 t o  59.0 F ) .  
A d d i t i o n a l l y ,  9  l i t e r s  (2.4 g a l )  o f  food ( b r i n e  shrirr,p, Artemia sa l ina ,  
n a u p l i i )  are r e q u i r e d  a t  a c o n c e n t r a t i o n  of 200 naup1i.i p e r  m l .  
Crab mega1opa.e a r e  high1.y c a n n i b a l i s t i c  on z o e a l  l a r v a l  s t a g e s  and 
r e q u i r e  s e p a r a t e  c u l t u r e  sys tems.  Con~n~unal megalopal  c u l t u r e  sys tenis ,  
u s i n g  e i t h e r  a  sand s u b s t r a t e  o r  ASTROTURF, were t e s t e d  and b o t h  appeared 
promising.  Also,megaZopae i s o l a t e d  i n  c o n t a i n e r s  s u r v i v e d  w e l l ,  b u t  
t h i s  method r e q u i r e d  more l a b o r  t h a n  comn~unal sys tems.  Megalopal 
s u r v i v a l  t o  t h e  f i r s t  c r a b  i n s t a r  was n o t  c l o s e l y  moni to red ,  b u t  was 
e s t i m a t e d  t o  range  from 40 t o  50%. 
L a b o r a t o r y  c u l t u r e d  megalopae a r e  n o t a b l y  s n a l l e r  i n  s i z e  t h a n  t h e i r  
w i l d  p o p u l a t i o n  c o u n t e r p a r t .  The r e a s o n  f o r  t h i s  i s  n o t  known. 
Problem Areas  R e q u i r i n g  F u r t h e r  Research 
Zoea l  c r a b s  by s t a g e  I11 are more s e n s i t i v e  t o  sudden l i g h t  changes ,  
d a r t  a b o u t ,  and impact  q u i t e  h e a v i l y  w i t h  t h e  c u l t u r e  w a l l s .  T h i s  
r e s u l t s  i n  s p i n e  b reakage  and a p o r t a l  of e n t r y  f o r  p r o t o z o a n s .  The 
m a j o r i t y  o f  z o e a l  m o r t a l i t i e s  were caused by e i t h e r  b roken  s p i n e s ,  a n d ( o r )  
fungus ,  Lagenidiwn s p  . , i n f e s t a t  i o n .  
L a g e n i d i m  sp .  was common t o  near1.y every mass c u l t u r e  system, and 
resu l - ted  i n  s l i g h t  t o  ve ry  e x t e n s i v e  l a r v a l  m o r t a l i t y .  T h i s  fungus gener- 
a l l y  appeared by zoca l  st-age I11 and p e r s i s t e d  from ,- t o  3 or  more weeks. 
Mode of e n t r y  i n t o  t h e  c u l t u r e  system and cause o f  abatement wi thout  
t h e r a p e u t i c  t r ea tmen t ,  a r e  n o t  known. These, and undoubtedly o t h e r  f a c t o r s ,  
c o n t r i b u t e  t o  i n c o n s i s t e n t  larval-  c u l i u r e  succes s  t h a t  have co~l four~ded  
i n t e r p r e t a t i o n  of r e p l i c a t e  exper imenta t ion .  
DISCUSSION 
The c o u r s e s  o f  a c t i o n  t aken  by t h e  Dungeness Crab Research Progrnni 
s i n c e  t h e  program began have r e c e i v e d  g e n e r a l  s u p p o r t  from t h e  publ-ic and 
s c i e n t i f i c  communities. 6Je have r e c e i v e d  a s s u r a n c e s  t h a t  o u r  avenues  o f  
i n v e s t i g a t i o n  a r e  a c c e p t a b l e  t o  c o l l e c t i v e  op in ion .  The program i s 
l i m i t e d  t o  a  s t a f f  o f  f i v e  marine  b i o l o g i s t s  and a  s t e n o g r a p h e r  b u t  t h e  
f u l l  c o o p e r a t i o n  of t h e  Department and o t h e r  a g e n c i e s  h a s  k e p t  t h e  scope  
of t h e  i n v e s t i g a t i o n s  b road .  F o r t u n a t e l y ,  i n  1976, we had f c w  d i f f i -  
c u l t i e s .  Most p e o p l e ,  equipment,  and wea ther  suppor ted  u s  wel.1. 
P r o g r e s s  of t h e  Crab C r i t i c a l  S t a g e  P r o j e c t  2nd Crab Environment 
P r o j e c t  h a s  been encourag ing .  Our sampl ing t e c h n i q u e s  have y i e l d e d  sam- 
p l e s  o f  l a r v a e ,  j u v e n i l e s ,  and a d u l t s  of Dungeness c r a b  and co l3 .ec t ions  
o f  a s s o c i a t e d  s p e c i e s  s o  t h a t  t:e can b e g i n  a n a l y s e s  o f  r e l a t i v e  abundance 
and s t u d i e s  o f  d i s t r i b u t i o n a l  p a t t e r n s .  The c o l l e c t i o n  of d a t a  on na tu ra l .  
env i ronmenta l  c o n d i t i o n s ,  and f i n d i n g s  from t i s s u e  a n a l y s e s  f o r  contami- 
n a n t s  have y i e l d e d  i n f o r m a t i o n  f o r  computer r u n s  t o  d e t e r m i n e  c o r r e l a t i o n s  
o f  numerous combinat ions  o f  env i ronmenta l  and b i o l o g i c a l  f a c t o r s .  Design 
o f  o u r  l a b o r a t o r y  exper iments  i n  t o l e r a n c e  t e s t i n g  and b i o a s s a y s  depends 
on r e s u l t s  of c o r r e l a t i o n  s t u d i e s .  
The remarkab le  s u c c e s s e s  i n  r e a r i n g  Dungeness c r a b s  i n  t h e  Depart-  
ment ' s  Marine C u l t u r e  Labora to ry  a s s u r e s  the '  b i o l o g i c a l  background f o r  
c o r r o b o r a t i o n  of hypotheses  formed from f i e l d  s t u d i e s .  
The Dungerless Crab Research Team h a s  been f o r t u n a t e  i n  r e c e i v i n g  
a s s i s t a n c c  from many s o u r c e s .  Many of t h o s e  who a s ~ ~ i s t e d  i n 1976 have 
been mecticz:ed i n  t h e  r e p o r t .  We g i v e  c r e d i t  t o  a.11 of them and i.n 
a d d i t i o n  t o  s e v e r a l  o t h e r s .  
W e  e x t e n d  c r e d i t  t o  a l l  C a l i f o r n i a  Department of F i s h  and Game 
c o l l e a g u e s ,  a d m i n i s t r a t i v e  s t a f f ,  and r e s e a r c h  v e s s e l  p e r s o n n e l  who have 
a s s i s t e d .  
Members of t h e  N a t i o n a l  PIarine F i s h e r i e s  S e r v i c e  a t  S e a t t l e ,  Tiburon,  
and  Monterey; r e s e a r c h e r s  a t  t h e  U n i v e r s i t y  o f  C a l i f o r n i a  l a b o r a t o r i e s  a t  
Bodega, R-ichnond, Eerkcl  e y ,  Oakland, and Livermore;  and s t , a f  f members of 
Moss Landing Marine 1 , a b o r a t o r i e s  have been h e l p f u l  i n  o f f e r i n g  u s e  o f  d a t a ,  
and g i v i n g  candid  conmient s. 
